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Abstract
Background—Despite significant progress made in recent decades in preventing childhood lead 
poisoning in the United States through the control or elimination of lead sources in the 
environment, it continues to be an issue in many communities, primarily in low-income 
communities with a large percentage of deteriorating housing built before the elimination of lead 
in residential paint. The purpose of this study is to determine whether state laws aimed at 
preventing childhood lead poisoning are also effective in preventing recurring lead poisoning 
among children previously poisoned.
Methods—An evaluation was conducted to determine whether laws in two representative states, 
Massachusetts and Ohio, have been effective in preventing recurrent lead poisoning among 
children less than 72 months of age previously poisoned, compared to a representative state 
(Mississippi) which at the time of the study had yet to develop legislation to prevent childhood 
lead poisoning.
Results—Compared to no legislation, unadjusted estimates showed children less than 72 months 
old, living in Massachusetts, previously identified as being lead poisoned, were 73% less likely to 
develop recurrent lead poisoning. However, this statistically significant association did not remain 
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after controlling for other confounding variables. We did not find such a significant association 
when analyzing data from Ohio.
Conclusions—While findings from unadjusted estimates indicated that state lead laws such as 
those in Massachusetts may be effective at preventing recurrent lead poisoning among young 
children, small numbers may have attenuated the power to obtain statistical significance during 
multivariate analysis. Our findings did not provide evidence that state lead laws, such as those in 
Ohio, were effective in preventing recurrent lead poisoning among young children. Further studies 
may be needed to confirm these findings.
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Introduction
Despite the significant progress made in recent decades in preventing childhood lead 
poisoning in the United States through the elimination of lead in paint and fuel, lead 
poisoning continues to be a problem in some communities, primarily low-income 
communities with a large percentage of deteriorating housing built before the elimination of 
lead in paint. Several community based randomized controlled trials have been conducted to 
examine the effectiveness of dust control (Lanphear et al., 1996a), soil abatement (Weitzman 
et al., 1993) and health education (Brown et al., 2006) in reducing blood lead levels (BLLs) 
among children living in urban neighborhoods with high incidence of childhood lead 
poisoning. Results suggest that these interventions did not significantly lower BLLs. Results 
from meta-analyses also seems to suggest that there’s insufficient evidence that these 
interventions are effective in reducing blood lead levels in children (Yeoh et al., 2014).
In the two studies that examined the effectiveness of a state specific lead paint hazard risk 
reduction law in either preventing new cases of childhood lead poisoning in housing where 
previous cases were identified (primary prevention) or in preventing recurring incidences of 
childhood lead poisoning among previously-poisoned children (secondary prevention), the 
evidence suggests that laws are effective in controlling or eliminating lead hazards found in 
housing units where previous hazards were observed (Brown et al., 2001; Korfmacher et al., 
2012).
In 2009, 27 (64%) of 42 state health departments with lead poisoning prevention programs 
funded by the Centers for Disease Control and Prevention (CDC), implemented specific 
laws aimed at reducing or eliminating childhood lead poisoning. We conducted a study to 
examine the effectiveness of the lead risk reduction laws in two such states: Massachusetts 
(MA) and Ohio (OH). Both states have specific laws aimed at preventing or decreasing lead 
poisoning among children living in housing built prior to 1978 (i.e., when lead-based paint 
was banned from residential use in the US). Mississippi (MS), which does not have laws 
requiring lead hazard abatement even for housing where children with lead poisoning have 
been identified, served as the control state for comparison in this study. These three states 
were selected based on their willingness to participate in the study and, in the case of the 
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two lead law states, on the strength of their lead laws and the length of time that these laws 
had been enacted (prior to 2000 for MA, and since 2004 for OH).
The Massachusetts Lead Law, promulgated in 1971 and amended in 1987 and 1993, focuses 
on primary and secondary prevention and requires disciplinary action at several levels. The 
owner of a dwelling occupied by children less than six (6) years of age and found to have 
lead-based paint hazards is responsible for complying with measures to contain or abate all 
such hazards in and around the residence, regardless of the BLL of the resident children. The 
owner is held liable for any damages sustained by a child who is lead poisoned due to the 
owner’s failure to comply with provisions to contain or abate lead paint hazards (LPPCR, 
2011).
The Ohio law, enacted in 2004, stipulates that when a child is identified as lead poisoned, 
the Ohio Department of Health may enter the suspected offending dwelling with the 
permission of the occupant or owner, or can obtain a court order to enter the property if the 
occupant or owner does not grant permission, to conduct a risk assessment at the property. If 
the risk assessment reveals lead hazards, a lead hazard control order may be issued, and until 
the time at which a clearance examination has been passed, the control order may include a 
requirement that occupants vacate the unit. The owner or manager can choose a method of 
controlling each lead hazard, which must be approved by the Ohio Department of Health. 
Criminal and civil action can be taken if any licensing or work practice requirements are 
violated in the course of correcting lead hazards (Law Writer, 2005).
While there is evidence suggesting that state laws aimed at primary prevention of lead 
poisoning among children less than 72 months of age have been effective in achieving this 
goal (Brown et al., 2001; Kennedy et al., 2014), no evidence was available at the time of this 
study demonstrating these laws were also effective in preventing recurrent poisoning in 
children who were previously poisoned. This study therefore sought to determine whether 
state laws aimed at preventing lead poisoning among young children were also effective in 
preventing recurring lead poisoning among those poisoned previously.
Methods
Design and data sources
CDC conducted a cross-sectional study to examine the effectiveness of the lead risk 
reduction laws in preventing recurring lead poisoning among confirmed cases in the two 
states with laws requiring control of lead paint hazards in housing with a child who meets 
the state definition of childhood lead poisoning (Massachusetts and Ohio) compared to the 
state without lead laws (Mississippi). Previously published evidence using this data suggests 
that lead risk reduction laws were effective in primary prevention of lead poisoning among 
young children (Kennedy et al., 2014). The methods used in the acquisition of data used in 
this study have been described elsewhere (Kennedy et al., 2014). Briefly, data for this study 
were obtained through examination of records from the Childhood Blood Lead Surveillance 
(CBLS) database. The CBLS is the central repository of blood lead surveillance data, 
submitted on a quarterly basis by state and local childhood lead Poisoning Prevention 
Programs (CLPPPs), who are supported through cooperative agreement with the CDC. Data 
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provided to the CBLS include results of blood lead tests performed by public and private 
clinical laboratories as well as case management and environmental data.
The definition of a lead poisoned case was based on a state-specified threshold that would 
have triggered an environmental investigation. In MA, BLL ≥ 25 μg/dL would have 
triggered an environmental investigation, whereas in MS and OH, BLL ≥ 15 μg/dL was the 
threshold value. Each case file was randomly selected to give each child an equal 
opportunity of being selected into the study. The specific method used for randomization has 
been described elsewhere (Kennedy et al., 2014).
Institutional Review Board (IRB) approvals or waivers were sought for and obtained from 
the Centers for Disease Control and Prevention, the Battelle Memorial Institute, the 
Massachusetts Department of Public Health, the Mississippi State Department of Health and 
the Ohio Department of Health. All statistical analyses of study data were conducted using 
SAS® version 9.3, SAS Institute, Cary N.C.
Variable definitions
The following variable definitions were used during analyses. Lead poisoning: Because this 
analysis examines whether the rates of recurring lead poisoning among previously-poisoned 
children are declining as a result of actions taken under existing state lead laws, the term 
“lead poisoning” has a specific meaning in this report. Here, a child is determined to be 
“lead poisoned” if his or her blood lead concentration is at or above a specified threshold set 
by the state in which the child resides, for which an environmental investigation would be 
deemed necessary. For the three states considered in this study, the threshold levels for 
determining lead poisoning are as follows:
• Massachusetts: ≥25 μg/dL,
• Ohio: ≥15 μg/dL, and
• Mississippi (the control state): ≥15 μg/dL.
Confirmed case of lead poisoning—Based on the outcome of a specific blood sample 
analysis, a child is classified as a “confirmed” lead poisoning case if the blood lead 
measurement is at or above the threshold level of the state in which the child resides. The 
sample must also satisfy one of the following two criteria: the blood sample was collected 
using venous technique or the sample was collected using capillary techniques and the 
measurement associated with a previous capillary blood sample, collected no more than 12 
weeks (84 days) earlier, and is at or above the state threshold. If the blood lead measurement 
was lower for the venous sample, deference was always given to the venous blood lead 
sample.
Recurrent lead poisoning—Any identified lead poisoning case occurring over 2 or more 
non-consecutive years.
Cohort year—The year in which a confirmed case of lead poisoning was selected for this 
study is labeled the case’s “cohort year.” A child could be selected as a case multiple times, 
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corresponding to multiple cohort years. Thus, a “selected case” is uniquely identified by the 
child and cohort year.
Sample size calculation
The sample size needed to conduct this study was determined by using the following 
formula: PF = CF/TF and PM = CM/TM, where PF and PM were the proportion of elevated 
blood lead levels (EBLLs) for females and males, respectively, CF and CM were the number 
of confirmed EBLLs for females and males, respectively, and TF and TM were the total 
number tested, for female and male children, respectively. Since male children compared to 
female children, are more likely to have EBLLs (Walter et al., 1980), sex specific 
proportions were determined separately. A specific description of how the formula was 
operationalized has been described elsewhere (Kennedy et al., 2014). Fig. 1, however, 
provides a visual illustration of the mechanism of case selection.
Data abstraction
The types of abstracted data included case management, environmental, and dwelling 
specific data. Case management data were used to identify cases for this study as well as 
obtain information on the child’s demographic characteristics. Environmental assessment 
data, which was obtained from case management records included information on dust–lead 
loadings (from floors and window sills) at the child’s primary dwelling at the time of lead 
poisoning. Information on the child’s primary dwelling, obtained from both case-
management and tax assessor data, included information of year dwelling built and 
ownership status.
Case management data and the case selection process
Using information from the case management data set, eligible cases were identified in each 
year from 2000 to 2007 based on his or her maximum blood lead measurement in that year, 
giving deference to the venous measurement. For children classified as an eligible case, we 
determined whether the child had multiple tests within and across subsequent years. This 
was important as a child could be eligible for selection into this study during multiple cohort 
years but not in consecutive years. The child was not counted as a newly identified case in a 
consecutive cohort year to account for the time it may take BLLs to decrease (Manton et al., 
2000; Roberts et al., 2001), as well as the time it may take any remediation activities in the 
home to be implemented (Aschengrau et al., 1997; Lanphear et al., 1996b). Therefore, for 
any given cohort year, a child was only counted once as a case. If the child had blood lead 
measurements in subsequent years in which he or she was recorded as being lead poisoned, 
the child was selected as a case in multiple, non-consecutive cohort years.
Random numbers were assigned to each child eligible for selection as a case within gender 
and year stratum. An auto-generated list of randomly selected cases was then presented to 
the grantees for file selection. The grantee started at the top of each year/gender grouping 
and selected files as available until the targeted number of cases (for that year/gender 
combination, which was provided to the grantee) was achieved. If a file was available and 
pulled for a child in a given year, that child became a selected case in that year. To ensure 
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that sufficient numbers of cases would be selected, the targeted number of cases in each 
year/gender combination was increased by three prior to providing them to the grantees. 
Selected children were labeled according to the cohort year identified and by a unique four 
digit questionnaire ID.
Once the sample cases were selected, we identified those who had recurrent lead poisoning 
in later years and who were identified as a case in multiple non-consecutive cohort years. 
Counts of these recurrent cases represented the numerator when calculating the rate of lead 
poisoning in at least one year following their cohort year.
Socio-demographic/environmental/housing data
Case-management records were used to obtain information on each participant’s 
demographic characteristics, which included information on age, race/ethnicity, gender, 
provider type requesting the blood lead test and health insurance status. Information on the 
environmental investigation was also obtained from case management records. At the time a 
child is identified as being lead poisoned, an environmental investigation is conducted at the 
child’s primary dwelling. The environmental investigation included measuring the amount 
of lead dust found on dwelling floors and window sills as well as determining whether there 
was any evidence of peeling or chipping paint on interior or exterior walls.
Case management and tax assessor data were used to obtain information of dwelling 
ownership status as well as year the structure was built. Situations where tax assessor 
information was not readily available online resulted in manual extraction of the data 
through telephone calls.
Analytic strategy
To examine the demographic characteristics of the selected cases and their dwellings in 
states with and without lead laws, sample means and frequencies were calculated for 
selected socio-demographic and housing variables. For categorical variables, Fisher’s exact 
tests or chi-square tests were performed to determine whether the distribution of values 
among categories differed significantly between states, and in particular, between 
intervention and control states. For continuous variables (i.e., dust–lead loadings), Kruskal–
Wallis non-parametric tests were used to determine whether differences in ranked mean 
responses differed significantly between states. In each test, when significant differences 
were observed among states at the 0.05 level, pairwise tests were performed to compare each 
of MA and OH to the control state (MS) to determine which of the intervention states 
differed significantly from the control state. Each pairwise test was performed at a 0.05/2 = 
0.025 significance level to correct for multiple comparison, and to ensure that the Type I 
error rate (i.e., incorrectly indicating significant difference from MS in at least one test) was 
no higher than 0.025 between the two tests.
The main effects inquiry examined the effectiveness of state specific lead-based paint hazard 
risk reduction laws in secondary prevention of lead poisoning in children less than 72 
months old. Fisher’s exact test was conducted to determine whether there were statistically 
significant differences between the lead law states and the control state in the percentage of 
children who remained cases in later cohort years, following their initial identification as a 
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case. Multiple logistic regression analyses were conducted to determine whether differences 
in the probability of being counted as a case in at least one subsequent cohort year following 
the initial cohort year remained statistically significant between states with lead laws 
compared to the state without lead laws, even after controlling for demographic and 
environmental covariates. The Hosmer–Lemeshow chi-square goodness-of-fit test was 
conducted to assess the adequacy of the model to fit the data. The logistic regression model 
was fitted using the LOGISTIC procedure in SAS.
Results
Demographic information
Case level demographic information—Data for a total of 637 selected cases were 
included in the analyses. These data represent 633 distinct children, with four of these 
children each representing a selected case in two different cohort years: three children in MS 
and one in OH. Of these cases, 255 resided in MA, 145 in OH and 237 in MS. The cohort 
years for these selected cases ranged from 2000 to 2007 for MA and MS and from 2004 to 
2007 for OH (Table 1).
Approximately 53% of the selected cases in each state were male. White and Black/African-
American race accounted for the largest distribution of selected cases, where 27.1%, 57.6% 
and 9.4% of selected cases in MA, OH, and MS, respectively, were White, and 13.3%, 
22.2% and 70.1% of selected cases in MA, OH and MS, respectively, were Black/African-
American. Hispanic ethnicity accounted for 16.5%, 3.5% and 0.9% of selected cases in MA, 
OH and MS, respectively. Less than 6% of selected cases were <12 months old. Children 
12–23 months of age accounted for the largest proportion, corresponding to 35.3%, 46.9% 
and 25.7% of all selected cases in MA, OH and MS, respectively. Across all states, most of 
the selected cases resided in dwellings that were privately owned rental property, 
corresponding to 35.7%, 59.0% and 41.5% of cases sampled in MA, OH and MS, 
respectively (Table 1).
Among selected cases in OH, 91.0% had lead tests performed which were ordered by a 
private health care provider, while in MS, 81.0% of tests were ordered by the Department of 
Public Health, Childhood Lead Poisoning Prevention Program. In MA, the distribution of 
lead tests ordered by public screening providers (e.g., Supplemental Program for Women 
Infant and Children, [WIC]) and by private health care providers was similar: 36.1% and 
21.6%, respectively. Medicaid was the most cited source of payment for lead tests in MS 
(53.6%), while no payment information was available in MA, and little if any information 
was available for OH (Table 1).
Secondary prevention of child lead poisoning—Of the 633 children represented 
among the selected cases, 425 had blood lead measurements available in multiple years 
following their cohort year, thereby allowing them to be included in this analysis. This 
included 179 of the 255 cases in MA, 93 of the 144 selected cases in OH, and 153 of the 234 
selected cases in MS. MA had the lowest percentage of cases that remained a lead poisoning 
case in subsequent years following their cohort year (17.9%) while MS had the highest 
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percentage (44.4%). In OH, 35.5% of cases had recurrent lead poisoning in subsequent years 
following their cohort year (Table 2).
The proportion of selected cases who remained a lead poisoning case in subsequent years 
following their cohort year was significantly different between MA and MS, p < 0.0001; 
however, no significant difference was noted between OH and MS, p = 0.183 (Table 2).
Unadjusted estimates found, compared to cases in MS, those in MA were 73% less likely 
(OR = 0.27, p = 0.0001) to be counted as a case in subsequent cohort years (Fig. 2). 
However, this association was no longer statistically significant after controlling for other 
factors such as gender, race, age at confirmation, building ownership, provider type, funding 
source of test, presence of deteriorated paint, visible paint chips, mean floor dust–lead 
loading and mean window sill dust–lead loading (Table 3). Non-significant findings may be 
partly explained by the reduced number of cases having data for all covariates, where the 
sample size went to less than 100 cases in each of the three states, as this reduced sample 
limits the statistical power of the test (i.e., the probability of rejecting the null hypothesis 
when it was in fact false).
The Hosmer–Lemeshow chi-square goodness of fit test provided evidence that the model 
was an adequate fit to the data, given a chi-square value of 7.7417, p = 0.4591. Since the p-
value was >0.05, there is evidence that the model was a good fit to the data.
Discussion
The decline in the prevalence of childhood lead poisoning among young children in the U.S. 
is considered one of public health’s great victories. Owing to stronger regulations banning 
the use of lead in household paint in 1978 and the U.S. Environmental Protection Agency’s 
(EPA) gradual phase out and eventual ban in the use of lead in gasoline from 1973 to 1986, a 
significant decrease of exposure to lead in children’s environments has occurred (EPA, 
1996).
The National Health and Nutrition Examination Surveys (NHANES) conducted between 
1976–1980 and 1999–2004 show a decline from 77.8% to 1.4% in the percentage of children 
aged 1–5 years with BLLs ≥ 10 μg/dL, corresponding to a 98% decline (Jones et al., 2009). 
In addition, the geometric mean blood lead level (GMBLL) in children has also declined 
substantially, from 2.7 μg/dL in the 1991–1994 survey, to 1.9 μg/dL in the 1999–2004 survey 
(Jones et al., 2009). However, in many metropolitan cities with homes built prior to 1978, 
there continues to be an unacceptably high prevalence of children living in residences 
containing lead-based paint. These children are exposed to high concentrations of lead and 
suffer adverse health conditions as a result. Thus, these children tend to historically have 
had, on average, higher mean blood lead levels compared to the remainder of the population 
(CDC, 2012).
For example, recent evidence from the CDC found that African-American children and 
children living below the poverty level have significantly higher GMBLLs compared to 
White, non-Hispanic children and children who live at or above the poverty level (CDC, 
2013). While the GMBLL among children aged 1–5 years old as estimated by the 2007–
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2010 NHANES survey (1.3 μg/dL) is lower than that of even a decade ago (1.9 μg/dL based 
on the 1999–2004 NHANES survey), lead exposure continues to be a pervasive public 
health issue that requires a concerted effort across multiple agencies at the local, state, and 
federal level for its elimination (CDC, 2013). Efforts to mitigate lead exposures are a critical 
component to preventing EBLLs in young children.
While the study suggests, during unadjusted analyses, that previously lead poisoned children 
in Massachusetts are less likely to experience recurrent poisoning when compared to 
children living in the control state this association did not remain statistically significant 
after control of socio-demographic and environmental factors. This may have been due in 
part to sparse numbers, where of the original 429 cases used during unadjusted analyses, 
only 147 cases identified in all three states with complete covariate information, were used 
during multivariate analyses. Sparse numbers may have limited the precision to detect actual 
associations. Additionally, differences in BLL thresholds may have resulted in an “artificial” 
lower probability of detecting a recurrent case in MA compared to OH and MS.
Our findings did not provide evidence that previously lead poisoned children in OH were 
less likely to experience recurrent poisoning when compared to children living in the control 
state. While one may argue that sparse numbers may be a reasonable explanation for non-
significant findings, one may also argue that the laws in OH, which were enacted in 2004, 
five years before the start of data collection, may not have had enough time to have an effect 
on preventing recurrent lead poisoning among young children. Additionally, the stringency 
of the laws may also partly explain non-significant findings in OH. For example, according 
to OH lead laws, while civil or criminal actions can be taken if any licensing or work 
practice requirements are violated during the course of correcting lead hazards (Law Writer, 
2005), there is no indication, from the way in which the law is written, that the owner also 
face similar actions. The urgency to correct residential lead hazards may not be as strong in 
instances where punitive actions are not taken against the owner compared to when the 
owner may face civil or criminal actions.
While no safe level of lead exposure has been found, a concerted effort to prevent primary 
exposure to lead as well as re-exposure among those previously poisoned appears to be a 
viable option in successful elimination of childhood lead poisoning. In recognition of no 
safe lead exposure levels, the CDC in 2012, under advisement from the Advisory Committee 
on Childhood Lead Poisoning Prevention (ACCLPP) accepted the recommendation to 
redefine the EBLL classification from ≥10 μg/dL to ≥ the 97.5th percentile of the 
distribution of blood lead levels in a nationally representative, probabilistic sample of 
children less than 72 months of age. Currently, if a child has a blood lead level ≥5 μg/dL, 
this would warrant further investigation into possible lead exposures. The recommendation 
also called for the elimination of the term “level of concern,” as any detectable blood lead 
level in a child is of potential concern. The findings from this study suggest that additional 
studies, with more complete information on covariates and larger sample sizes, may be 
needed to clearly delineate the association between lead laws and recurrent lead poisoning 
among young children.
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Fig. 1. Case selection diagram
Case selection was conducted separately for male and female children <72 months of age 
within specific cohort years.
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Unadjusted and adjusted odds ratio and 95% confidence interval of remaining a lead 
poisoning case in subsequent years following their cohort years, with comparisons made 
between MA vs. MS and OH vs. MS. 1 Adjusted for demographic characteristics, building 
characteristics and environmental factors.
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Kennedy et al. Page 16
Table 2
Proportion of 425 distinct cases* classified as a lead poisoning case in at least one year following their cohort 
year.
Proportion of selected cases (n)
Massachusetts (MA) Ohio (OH) Mississippi (MS) p-Value1,2
Proportion of participants who were recurrent cases in 
later years (number of cases)
17.9% (32) 35.5% (33) 44.4% (68) <0.0001 (MA vs. MS)
0.183 (OH vs. MS)
Proportion of participants who were not recurrent cases 
in later years (number of cases)
82.1% (147) 64.5% (60) 55.6% (85)
Total 179/255 93/144 153/234
*
Results reflect 425 cases who had sufficient blood lead measurements in multiple years following their cohort year. 425 individual cases represent 
179 distinct children in MA, 93 distinct children in Ohio and 153 distinct children in Mississippi.
1
Fisher’s exact test used to examine differences in percentages of Yes versus No. (cases classified as “not specified” were excluded from this 
analysis).
2
p-Value significance level adjusted to account for multiple comparisons. p < 0.05/2 = 0.025 Statistically significant.
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